Background: Lymphnodemetastasesforwell-differentiated thyroid cancer are associated with high recurrence rates. Surgical options consist of blind nodal sampling, "berrypicking"procedures, and modified radical neck dissections. Sentinel lymph node dissection (SLND) has been described by our institution for melanoma and breast cancer. We have investigated the feasibility of SLND for thyroid cancer.
A N ESTIMATED 16 100 cases of thyroid cancer will be diagnosed in 1997, 1 and the overwhelming majority of these will be welldifferentiated malignant neoplasms. The virulence of papillary and follicular carcinoma is low, with overall mortality rates ranging from 1.2% 2 to 17%. 3 No differences in survival have been seen, to our knowledge, between follicular and papillary cancers. 4, 5 These low death rates are attributed primarily to the biological characteristics of the disease and perhaps to the success of surgery and radioactive iodine therapy.
Stage for stage, risk of death is mostly related to age and sex. 3, 6, 7 Cady and Rossi 8 described a prognostic scoring system based on age, metastasis, extent, and size of tumor (AMES score). Age limits were defined as older than 40 years in men and older than 50 years in women. Extent of tumor indicated extracapsular tumor invasion and size limits were greater than 5.0 cm. Distant metastasis at the time of diagnosis was the greatest predictor of survival. Most reports have shown that lymph node metastases are not associated with increased mortality as they are in other tuThis article is also available on our Web site: www.ama-assn.org/surgery. mors. [9] [10] [11] However, others have found a statistically significant association between nodal metastasis and mortality for follicular cancer. 3, 5 It may be that the effects of nodal metastasis on survival are often outweighed by the benefits of age. In fact, when matched for age, the prognosis of patients with nodal metastases was found to be significantly worse than that for those who were disease-free: 15% vs 41% for patients older than 40 years. 12 Nodal involvement has been associated with an increased rate of recurrence. Patients with papillary, follicular, or Hü rthle cell histological diagnoses had recurrence rates of 19%, vs 2% in patients free of nodal disease. 13 Interestingly, regional lymph node metastasis is associated with a mortality rate of 78% in high-risk groups. 6 The management of occult lymph node metastasis in differentiated thyroid cancer is controversial. In a study of patients with well-differentiated thyroid cancer and no suspicious cervical adenopathy, elective modified radical neck dissection revealed a 70% incidence of nodal metastases. However, in a similar group of patients who did not receive neck dissections but were observed, only 1.4% eventually developed recurrences. 2 Similarly, children and adolescents frequently have occult metastases at diagnosis, yet rarely die of their cancer. Prophylatic lymph node dissection is therefore not generally advised for welldifferentiated thyroid cancer. Palpable nodal disease is, however, associated with a lower survival rate 3, 14, 15 and therapeutic lymphadenectomy is recommended. 2, 5 The management of clinically occult lymph nodes in patients with well-differentiated thyroid cancer ranges from elective lymph node dissection 2 to blind lymph node sampling. 13 Others perform "berry-picking" procedures 16 or therapeutic neck dissections for patients who develop clinically apparent nodal metastasis. 3 Sentinel lymph node dissection (SLND) was developed at our institution as an alternative to elective lymph node dissection in patients without clinical evidence of nodal metastasis from melanoma 17 and breast cancer. 18 We have investigated the use of intraoperative lymphatic mapping and selective lymph node sampling in a series of patients with suspected thyroid tumors.
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RESULTS
In our study group there were 14 women and 3 men, with ages ranging from 22 to 69 years (median, 48 years). Nine thyroid masses were discovered by self-examination, 7 were found by clinical examination, and 1 was detected on chest x-ray film. Forty-one percent of the patients experienced dysphagia or odynophagia. The rest were asymptomatic except for a mass. Duration of goiters or symptoms ranged from a few weeks to 15 years. Three patients (17%) had thyroid tumors discovered 23, 30, and 45 years after radiation exposure. Family histories of goiter or thyroid cancer were noted in 35% of our patients.
Patients had clinically measurable thyroid nodules ranging from 1.0 to 3.0 cm. Ultrasonographic examination was performed in 9 patients; size determinations were concordant with clinical but not with pathologic measurements. Preoperative thyroid scans were performed in 3 patients and revealed "cold" nodules, only 1 of which eventually became malignant. Fifteen patients underwent fine-needle aspiration biopsy: 12 (80%) yielded accurate results, 1 specimen was incorrectly diagnosed as a follicular neoplasm instead of a follicular variant of papillary cancer, and 2 specimens were diagnosed as papillary cancers (1 just by the presence of psammoma bodies) but were benign on permanent sections. In these last 2 cases, the biopsies were performed at a referring tertiary medical center.
Pathologic review of the 17 thyroid nodules revealed 12 malignant tumors (11 papillary carcinomas, 1 follicular cancer) and 5 benign lesions. Of the 5 benign lesions, 3 were follicular adenomas and 2 were colloid nodules. Two microscopic foci of papillary cancer were found incidentally in the thyroid glands with the benign nodules. Tumor sizes ranged from 0.8 to 4.0 cm (mean, 2.0 cm) (Table) . All of the papillary cancers were well differentiated and 3 were follicular variants. Fifty percent of the glands showed a background of Hashimoto thyroiditis.
Intraoperative lymphatic mapping located at least 1 sentinel lymph node in all but 2 patients, both of whom appeared to have lymphatic channels coursing beneath the clavicles. In these 2 cases, we elected not to deliver the nodes into the operative field. In the remaining 15 patients, SLND removed 1 to 5 lymph nodes (median, 2).
PATIENTS AND METHODS
From August 1994 to October 1996, 17 patients underwent thyroidectomy with intraoperative lymphatic mapping and SLND. Inclusion criteria were at least 1 thyroid nodule suspicious for malignant neoplasm and no palpable evidence of cervical lymphadenopathy. Prior to our evaluation, most patients had undergone a diagnostic workup consisting of ultrasonography, technetium thyroid scan, and/or fine-needle aspiration biopsy at other institutions.
All patients underwent total thyroidectomy immediately after lymphatic mapping and SLND, except 1 patient whose thyroid nodule was found to be benign by intraoperative frozen section and therefore had only a lobectomy. At the time of surgery, the thyroid gland was exposed with a standard transverse low-collar skin incision and lateral retraction of the strap muscles. Using a tuberculin syringe, 0.1 to 0.8 mL (average, 0.5 mL) of 1.0% isosulfan blue dye (Ben Venue Labs Inc, Bedford, Ohio) was injected into the thyroid nodule. Within seconds the blue dye was seen to pass through lymphatic channels toward the sentinel lymph node (Figure) . Once identified, all nodes that were stained blue were excised and sent for frozen section and permanent pathologic evaluation. In addition to routine hematoxylin-eosin staining, the sections underwent immunohistochemical staining for cytokeratin to help identify micrometastasis.
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Analysis of frozen sections and then permanent sections was undertaken in the 12 SLND specimens from patients with malignant thyroid nodules. There was only 1 discrepancy in which the frozen section was negative but the permanent section contained a small metastatic focus. No micrometastases were identified by immunohistochemical analysis alone. Of the 12 primary thyroid carcinomas, 5 (42%) were associated with lymph node metastasis. None of the patients with incidental microscopic papillary tumors had metastasis. All of the excised sentinel lymph nodes were paratracheal except in 2 women who had additional jugular nodes that stained blue. In the 2 patients with jugular sentinel nodes, 1 had paratracheal and jugular lymph node metastasis, and the other had no metastasis. One patient had a negative sentinel lymph node with a micrometastasis in a non-blue-staining node discovered by immunohistochemical analysis. However, this lymph node was perithyroidal and removed with the thyroidectomy.
Central lymph node dissection was performed in 3 patients who had metastasis of the sentinel node diagnosed by frozen section. In 2 of these patients, the sentinel node was the only positive lymph node. In the other patient, the nonsentinel nodes as well as a jugular sentinel node had metastases. Subsequently, she underwent a modified radical neck dissection that revealed more cervical nodal disease. Two patients had suspicious nonsentinel palpable lymph nodes at surgery and therefore underwent central neck dissection. No metastases were found in these nodes. Intraoperative notes reported suspicious palpable adenopathy in 3 other cases, only 1 of which was found to have a lymph node metastasis. Intraoperative assessment of lymph nodes for metastasis was accurate in only 1 of the 5 cases that were believed to have suspicious nodes at the time of surgery.
Postoperatively, there were no permanent complications. One woman experienced temporary loss of voice projection. In all patients, postoperative calcium and parathy- ARCH SURG/ VOL 133, MAR 1998 290 roid hormone levels were within normal limits. None of the patients experienced problems from the blue dye. One patient underwent a modified radical neck dissection after the jugular sentinel node and central neck dissections revealed multiple positive lymph nodes. Radioactive uptake scans obtained postoperatively in 4 patients did not reveal cervical uptake. These patients included 3 with tumor-negative sentinel lymph nodes and 1 with a positive blue-stained node and negative results of central neck dissection.
COMMENT
This study presents a technique of intraoperative lymphatic mapping with SLND to assess occult lymph node metastasis in thyroid malignant neoplasms. Our experience confirms the findings of others 2 that surgical exploration and palpation is very inaccurate for predicting nodal disease. Lymphatic mapping was able to locate the sentinel lymph node in 88% of cases, a rate that compares favorably with rates reported for early trials of SLND in melanoma and breast cancer. 17, 18 The 2 failures were in patients who had lymphatic drainage toward the retrosternal-mediastinal area. In addition, 1 patient had a negative sentinel paratracheal lymph node but a positive nonsentinel perithyroidal lymph node that was adherent to the thyroid capsule and thus removed during thyroidectomy. This node could not be identified as a sentinel node because during this procedure the entire thyroid nodule turns blue (Figure) .
In a study by Noguchi et al, 19 of 68 patients with thyroid cancer who after elective neck dissection were found to have metastasis to only 1 lymph node, 78% of nodal metastases were found in the paratracheal region and 22% in the jugular chain. Our findings are similar, with 13% of sentinel nodes from the jugular region. All patients had paratracheal sentinel nodes. One might argue that a routine central neck dissection will diagnose most patients with nodal metastasis. However, Hamming et al 20 showed that injury to the recurrent laryngeal nerve and parathyroid glands was greater in those patients undergoing central neck dissection than in those having only suspicious nodes excised. This is particularly true if dissection is undertaken after the development of a palpable metastasis, when exploration of a scarred neck would be hazardous. One of our patients had an occult metastasis in a jugular sentinel node and a subsequent modified neck dissection revealed multiple jugular and paratracheal metastases. A routine paratracheal node dissection or blind jugular sampling might have missed the jugular metastasis in our patient. In a series of 69 patients undergoing only central neck clearance, 20% of those with nodal metastasis subsequently required neck dissection for palpable disease. 21 Nodal disease represents a marker for those who will die of their disease: 87% of patients in 1 report showed lymph node metastasis with synchronous or metachronous systemic disease. 13 The mortality rate was the same in groups divided into those with greater or less than 5 metastatic lymph nodes. 16 Distant metastasis is the true harbinger of poor survival, with almost all dying of their disease. 22 In an autopsy review of 21 patients who died of metastatic well-differentiated thyroid cancer, 80% had locoregional disease at death, although only 14% died of local disease. 23 Death as a result of local disease resulted from airway compromise or perforation of the carotid artery. Samaan et al 11 reported a mortality rate of 11% in 1599 patients. The most common cause of death was locoregional disease (38%) resulting from respiratory compromise.
Most clinical trials confirm that regional nodes are usually the first site of recurrence. 13, 22 It is estimated that the chance of nodal recurrence is 30% to 50% during 10 years. 2 The overall recurrence rate has been documented at 20%, with most recurrences discovered within 24 months: 70% of sodium iodide I 131 scans detected tumor and 40% of clinically detected disease. 22 Postoperative
131
I scanning reveals clinically silent nodal metastasis in approximately 40% of patients with local recurrence. 4 Several studies have shown that modified neck dissections have resulted in better local control. 2, 9, 16 Patients with extensive nodal disease achieve better local control with more radical neck dissections vs simple excision of metastasis. 24 Separating groups of patients into high-and lowrisk groups may define patients who would benefit from lymph node dissection of occult metastasis. Using the AMES system, 1 series 25 reported recurrence and death rates of 33% and 27% for high-risk patients vs 11% and 4% for low-risk patients, respectively. In addition, 70% of low-risk patients with recurrence or metastasis were cured with radioactive iodine, compared with a mere 10% in the high-risk group. Preemptive surgical excision of occult lymph node metastasis might be of advantage in high-risk patients, who have a greater chance of death and recurrence with a smaller chance of salvage with radioactive iodine. In addition is the possible transformation of well-differentiated tumors into the universally fatal anaplastic variety, which has been reported in 40% of patients who die of papillary cancer. 23 For those surgeons who prefer lobectomy for welldifferentiated thyroid tumor, detection of nonpalpable nodal metastasis might identify those patients best served by total or near-total thyroidectomy. For patients with a tumor-positive sentinel lymph node, completion thyroidectomy would allow postoperative 131 I scanning and the use of thyroglobulin levels to screen for signs of recurrence or metastasis. Clinically occult lymph node metastasis can be successfully treated with 131 I in 74% of patients, with an overall survival rate of more than 90%. 4, 22, 26 Clinically apparent nodal metastasis carries a worse prognosis, with only a 50% to 60% salvage rate. 4, 22 This technique has particular applicability to patients with medullary thyroid cancer. In this tumor there is also debate as to the use of elective node dissection vs observation. However, the incidence of nodal metastasis and the eventual clinical presentation of occult metastasis is high. A series of 36 patients 27 revealed that aggressive management of palpable or radiographically identified adenopathy resulted in appreciably better survival. Again, the use of routine central neck dissection would be inexact because 78% of patients in this series had multiple levels of nodal involvement. Identification and surgical excision of any occult metastases is particularly important because this pernicious tumor does not take up radioactive iodine.
Our technique for assessment of lymph node status in thyroid malignant neoplasms was able to detect solitary occult metastasis as well as jugular disease with no morbidity. This confirms the potential usefulness of SLND in solid tumors other than melanoma and breast, for which it was originally described. 17, 18 
